We find the quasinormal modes of the charged scalar and Dirac fields in the background of the rotating charged black holes, described by the Kerr-Newman-de Sitter solution. The dependence of the quasinormal spectrum upon the black hole parameters mass M , angular momentum a, charge Q, as well as on values of the Λ-term and a field charge q is investigated. Special attention is given to the near extremal limit of the black hole charge. In particular, we find that for both scalar and Dirac fields, charged perturbations decay quicker for q > 0 and slower for q < 0 for values of black holes charge Q less than than some threshold value, which is close to the extremal value of charge and depend on parameters of the black holes.
I. INTRODUCTION
Quasinormal spectrum of black holes has been extensively investigated during recent years for a great variety of black hole backgrounds and fields, because it is an important characteristic for observation of the gravitational waves [1] , stability analysis [2] , AdS/CFT calculations of temperature Green functions [3] . Special attention has been paid to perturbations of a scalar field [4] , as a simplest model, when the influence of the spin of the field is neglected. When one considers the charged black hole, the scalar electrodynamic can successfully model the interaction of the charged field with the electromagnetic background of the black hole. Therefore the calculation of the quasinormal modes of charged fields, initiated in [5] for charged scalar field in the Reissner-Nordstöm and dilaton backgrounds, was continued in the further research [6, 7, 8, 9] . In particular, in [7] the quasinormal modes of the massive charged scalar field were found with the WKB accuracy. In [5] and [7] it was shown that the quasinormal modes, corresponding to the charged scalar field, decay quicker than those of the neutral field unless the black hole charge is larger than some large near extremal value. This is opposite to the behavior at asymptotically late times, characterized by the socalled "tail" decay, when the charged scalar field decays slower, and therefore, dominates at asymptotically late times [10] . Yet, the quasinormal frequencies calculated for Reissner-Nordström black holes in [5, 6, 7] with the help of the WKB method need better accuracy and cannot be trusted near the extremal limit, especially for the scalar case, because the effective potential is frequency dependent in this case, and WKB equation for the QN frequency must be solved together with a frequency dependent equation determining the position of the maximum of the effective potential.
On the other hand, one has much richer physical situation, when one takes into consideration all the relevant parameters, such as black hole angular momentum and the cosmological term, i.e. when one starts from the Kerr-Newman-de Sitter (KNdS) black hole as a gravitational background. In this paper we achieve both the above mentioned aims: to find QN modes with very high accuracy, by using the convergent Frobenius expansion, and to consider the most general relevant black hole solution of general relativity, KNdS solution. The latter gives us dependence of the QN spectrum on a great number of parameters: charge of the black hole Q, charge of the field q, normalized angular momentum of the black hole a, the cosmological term Λ.
The paper is organized as follows: Sec. II gives some basic formulas on KNdS metric and on radial wave equation for charged massless scalar and Dirac fields, and also discusses the system of units we used for showing the QNMs. Sec. III reviews the obtained numerical results. In the Conclusion we summarize the obtained results.
II. BASIC FORMULAS
In the Boyer-Lindquist coordinates the Kerr-Newmande Sitter metric has the form [11] 
where
The electromagnetic background of the black hole is given by the four-vector potential
The charged scalar and Dirac fields in curved space-time are described by the following equations of motion :
where q is the charge of particles and A a is the electromagnetic potential of the background. Some manipulation with scalar and Dirac equations allow in the some separable form (see [11] and references therein). The existence of the Killing vectors ∂ t , ∂ φ , implies the exponential harmonics of the following form ∼ e −iωt , ∼ e imφ ). After the separation of the angular, radial and time variables
one can obtain the equation for the angular part [11] 
where s is the spin of the field (s = 0, 1/2 for the scalar and Dirac field respectively), x = cos θ, ξ = aω, and λ is the separation constant (for the non-rotating case λ = ℓ(ℓ + 1) − s(s − 1), where ℓ ≥ s is positive (half)integer multipole number). The angular equation can be solved numerically with respect to λ for each value of ω by using the three-term recurrence relation [11] . The equation for the radial part is [11] (7) where
Generally, this equation has five regular singularities: the event horizon r + , the internal horizon r − , the cosmological horizon r ′ + , the spatial infinity and one more singularity at r ′ − . One should note, that r ± and r ′ ± are roots of equation ∆ r = 0.
In the limit of Λ → 0 one has,
and, therefore, the spacial infinity becomes an irregular singularity [11] . By the definition, the QNMs are eigenfrequencies ω of (7) which satisfy the following boundary conditions (b.c.): ψ represents purely ingoing waves at the event r = r + horizon and purely outgoing waves at the cosmological horizon r = r ′ + (or the spacial infinity if Λ = 0). Now we introduce the new function, which is regular at these two points if the QNM b.c. are satisfied
The appropriate Frobenius series are
where ρ = r + /r ′ + .
Substituting (8) and (9) into (7), one can obtain the N -term recurrence relation for the coefficients a i 10) where N depends on the black hole parameters. For the particular Schwarzschild case N = 3, but for the general case under consideration N is higher than 3. We decrease the number of terms in the recurrence relation using the Gaussian eliminations:
After one finds c (3) j,i numerically, he can solve the equation with infinite continued fraction (see [12] for more details)
2,2 c
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Since we can find the separation constant λ for each particular value of ω, (11) allows to find QNMs with the desired precision. This technique of the QN spectrum calculation was proposed by Leaver [13] . Now we shall discuss the units of measurements and ranges of the black hole parameters. In this paper we shall measure all the quantities in units of the event horizon. For this we choose the black hole mass, so that ∆ r (1) = 0. Then one has,
We parameterize the cosmological constant Λ by the parameter ρ < 1
In these units the condition ∆ ′ r (1) > 0 gives us the range of values of the black hole charge,
The positivity of the righthand side of the above equation bounds the possible values of the parameter of rotation a, 
III. RESULTS
The quasinormal frequencies of the Kerr-Newman-de Sitter black holes depend on a number of parameters: 1) black hole parameters: mass M , charge Q, angular momentum a,
2) field parameters: field charge q and spin s,
3) cosmological constant Λ, 4) numbers of modes in the spectrum: the multi-pole number ℓ, the azimuthal number m, and the overtone number n.
Therefore, if one wants to represent quasinormal frequencies for all values of the above parameters, he has to show a great amount of table data. We decided to be limited here by representative tables or plots, which will show dependence of the quasinormal modes on each of the above parameters. Thus, for example on Fig. 1 one can see the dependence of the Re(ω) and Im(ω) on the black holes charge Q for fundamental mode ℓ = n = 0 of perturbations of the scalar field. The real part of ω monotonically grows with the black hole charge Q and the field charge q (note that q can be both positive and negative). For positive values of q, Re(ω) attains some maximum value as a function of Q, at some large value of Q. Imaginary part has more complicated behavior: it monotonically decreases as a function of Q until some near extremal value of the black hole charge, keeping meanwhile monotonic dependence on q. Then the curves with different q intersect, that is, the larger q does not guarantee larger Imω. Thus if for not very large Q, the charged field decays quicker than the neutral one, for the near extremal Q, the charged field decays slower than neutral. From Fig. 1 one can see that this happens at Q ∼ 0.8Q extr in the units of the event horizon, while in "M = 1 units" this corresponds to Q ∼ 0.995Q extr . Even though the WKB technique, developed until higher orders [14] , reproduces this intersection shown in Fig 1. , it could not be easily trusted in this case because of ω dependency of the effective potential [5] . Therefore, confirmation of the intersection with the help of the convergent and accurate Frobenius method leaves apart possible interpretations of charged quasinormal modes in the context of universality of the critical collapse [7] . Let us note also that the non-monotonic behavior for some curves for real and imaginary parts of ω, near the extremal values of charge, depends on the value qQ and is not new in fact. When approaching the extremal limit of values of Q closely enough, one has the picture of spiraling of the plot of Re(ω)-Im(ω) [15] .
An important point is the checking of all the known particular limits for our calculations. For q = Q = 0 we reproduce the quasinormal modes for the scalar and Dirac fields for Kerr-de Sitter black holes, while for Λ = 0, a = 0 we obtain the limit of pure ReissnerNordström black holes and the results of [5] , [7] . For q = 0 we find the quasinormal modes for neutral fields for KNdS black holes. When approaching the limit of extreme values of the Λ-term, one can reproduce the exact quasinormal modes obtained as a solution of the Pöschl-Teller equation [17] , if q = a = 0.
In Fig. 2 we demonstrate the dependence of Re(ω) and Im(ω) of scalar field modes on the angular momentum a for a few fixed values of the charges Q and q. There one can see that for not large values of qQ, one has the monotonic decay of both real and imaginary parts of ω as a function of a. In other words, the quicker rotating black holes have longer lived modes and smaller real oscillation frequencies. This monotonic behavior breaks for larger values qQ, as it can be seen from the curve Q = 0.8, q = 0.3 on Fig. 2 .
In Tables I, III , the quasinormal frequencies for different values of multi-polar ℓ and azimuthal m numbers are given for the first mode n = 0, for some values of the charges Q and q, and for a fixed value of the angular momentum. In Tables II, IV , on the contrary, we fix the values of the black holes charge Q, and consider different values of a and q. From the above table one can see that larger values of the multi-pole number ℓ, under the same value m, imply larger Re(ω) and smaller Im(ω). Under some fixed ℓ, large azimuthal numbers give larger Re(ω) and smaller damping rates. When the rotation is large, this decreasing of Im(ω) for larger m is considerable, so that high m modes can be many times longer lived than those for non-rotating case a = 0. This happens for all values of Q and q. Finally, on Fig. 3 , one can see the representative dependence of the quasinormal frequencies on the values of the Λ-term. The behavior is qualitatively the same as for the ordinary Schwarzschild-de Sitter black holes [16] , that is, the increasing Λ-term suppresses considerably the Reω and Imω, independently on the values of other parameters. Let us note that when all the parameters a, Q and q are non-vanishing, and the Λ-term approaches near the extremal limit, the Frobenius series converges very slowly, so that we could not reach there extremal limit very closely.
IV. CONCLUSION
In this work, with the help of an accurate convergent Frobenius method, we performed an extensive calculation of quasinormal modes of charged scalar and Dirac fields for Kerr-Newman-de Sitter black holes and have analyzed the dependence of the QN spectrum upon the great variety of parameters of the black holes Q, M , a, of Λ-term, and of the field parameters q and s. This generalizes a number of previous works when only some of the parameters were considered non-vanishing. The model we considered might be successful, when considering the interaction of the charged fields with the electromagnetic background of rotating black holes. 
